In previous studies we compared the relative value of alternative methods for disinfecting the hands of nurses and surgeons and the skin of operation sites, but a number of relevant questions were not considered. For disinfection of the operation site alcoholic solutions of chlorhexidine (0.5%) and iodine (1%) were found to be equally effective and superior to a number of other agents (Lowbury, Lilly, and Bull, 1960), but we did not include laurolinium acetate, which was later reported by Verdon (1961) to be more effective than nine other antiseptic preparations, including 1 % iodine in alcohol; nor did we examine the removal of spore-bearing organisms. In studies on the disinfection of hands we confirmed the cumulative effect of repeated use of hexachlorophane detergent preparations, obtaining the best results with a liquid soap, and found some alternative methods which had comparable effects in reducing the hand flora and in preventing the emergence of bacteria through holes in rubber gloves (Lowbury and Lilly, 1960; Lowbury, Lilly, and Bull, 1963) ; we also assessed the value of ablution and disinfection in removal of transient flora (Lowbury, Lilly, and Bull, 1964 In the following experiment we compared the effectiveness of three preparations of laurolinium acetate (4-aminoquinaldinium-l-lauryl acetate monohydrate), of an iodophor (povidoneiodine), and of 0.5 % alcoholic chlorhexidine digluconate in the removal of bacteria from the skin.
In previous studies we compared the relative value of alternative methods for disinfecting the hands of nurses and surgeons and the skin of operation sites, but a number of relevant questions were not considered. For disinfection of the operation site alcoholic solutions of chlorhexidine (0.5%) and iodine (1%) were found to be equally effective and superior to a number of other agents (Lowbury, Lilly, and Bull, 1960 ), but we did not include laurolinium acetate, which was later reported by Verdon (1961) to be more effective than nine other antiseptic preparations, including 1 % iodine in alcohol; nor did we examine the removal of spore-bearing organisms. In studies on the disinfection of hands we confirmed the cumulative effect of repeated use of hexachlorophane detergent preparations, obtaining the best results with a liquid soap, and found some alternative methods which had comparable effects in reducing the hand flora and in preventing the emergence of bacteria through holes in rubber gloves (Lowbury and Lilly, 1960; Lowbury, Lilly, and Bull, 1963) ; we also assessed the value of ablution and disinfection in removal of transient flora (Lowbury, Lilly, and Bull, 1964) . We did not examine the effects of varying the time of disinfection, of repeated treatments with antiseptics other than hexachlorophane, of varying the medium in which the antiseptic was mixed and the method by which it was applied.
Experiments to fill some of these gaps are described below. In the light of these and previous experiments the choice of methods of skin disinfection suitable for various purposes in hospital and elsewhere are discussed.
Comparison of Laurolinium with Other Methods for Disinfection of Operation or Injection Sites
In the following experiment we compared the effectiveness of three preparations of laurolinium acetate (4-aminoquinaldinium-l-lauryl acetate monohydrate), of an iodophor (povidoneiodine), and of 0.5 % alcoholic chlorhexidine digluconate in the removal of bacteria from the skin.
Materials and Methods
Antiseptic Preparations.
-The following preparations were tested: (1) providone-iodine (" betadine ") antiseptic solution; (2) chlorhexidine (" hibitane ") digluconate, 0.5%, in 70% ethyl alcohol; (3) laurolinium acetate (" laurodine "), 5%, in 70% ethyl alcohol; (4) 5% aqueous laurolinium acetate solution; (5) laurolinium skin spray, an aerosol dispersed from a pressure pack containing laurolinium acetate (5 % w/v) in industrial spirit (50 g.) with propellants (50 g.); and (6) control treatment: no antiseptic preparation. Application of Antiseptics.-Preparations 1, 2, 3, and 4 were applied with a gauze swab to the whole surface of both hands, and reapplied when necessary so that the skin was kept moist for approximately two minutes. In using laurolinium skin spray the whole surface of both hands was sprayed with the aerosol and kept moist for two minutes by repeated spraying.
Testing the Antiseptic Preparations.-The effectivenss of skin disinfection was assessed by a method described in detail elsewhere (Lowbury et al., 1960) . Viable counts of bacteria were obtained from standard hand-washings taken before and again after the application of the antiseptic. A Latin-square design was used for the experiment, each of the five preparations and a control treatment (rinsing briefly under a tap) being tested on each of six subjects ; the six replicate testings were made on one day in alternate weeks to allow the skin flora to return to its normal level between tests. Both sampling fluid (Ringer's solution) and culture medium (pour-plates of nutrient agar) contained neutralizers-" lubrol W " (1 %), lecithin (0.5 %), "tween 80" (1%), and sodium thiosulphate (1 %)-and tests were made in each experiment for transfer of inhibitory amounts of antiseptic. The effect of treatment was assessed by a comparison of viable bacterial counts from the first and second samplings; the bacterial counts were made after 48 hours' incubation of the pour-plates at 370 C.
Results
The reduction in bacterial counts of hand-washings taken after various forms of treatment expressed as a percentage of the initial (pretreatment) counts is shown in Table I , and analysis of variance in the experiment is shown in Table IL. There was a marginally significant variance due to differences The mean reduction of skin flora by alcoholic chlorhexidine in this study (84.9%) was similar to that (81.3%) found in our previous study (Lowbury et al., 1960) further mean reduction in skin flora after the additional treatment with alcoholic chlorhexidine (96.5 %) was no less than that obtained by disinfecting unprepared skin with chlorhexidine in alcohol (see Table I ): from four of the nine subjects in the experiment no bacteria were found in 10-ml. amounts of bacteriological hand-washings taken after the last treatment. Results.-The results of tests with preparations 1 and 2 are shown in Table IV . In most of the tests the major part of the skin disinfection had been attained after 30 seconds' treatment, but longer treatment removed more organisms. Alcoholic chlorhexidine showed slightly but not significantly less activity than aqueous chlorhexidine in 30 seconds, but after longer intervals results were approximately the same with both agents, and none of the observed differences was significant. In a more limited experiment aqueous laurolinium showed slightly less activity than the chlorhexidine solutions at 30 seconds and at 2 minutes.
An unexpected finding was the larger reduction in skin flora when the antiseptic solution was applied by the standard rinsing method than when it was applied, as on an operation site, with a gauze swab (see Lowbury et al., 1960 , and above), or than when it was applied in a timed but unstandardized rinse (see Table VI ). (5) control treatment-no antiseptic. In using the creams the hands were washed with ordinary bar soap and water, and dried on a sterile towel. A small amount (about 1 in. (2.5 cm.) from a tube) of the cream was rubbed thoroughly into the whole surface of both hands until they felt comfortably dry. Chlorhexidine solution was used for a 30-second rinsing (free style) of both hands, followed by rinsing under a tap and drying on a sterile towel. Before each treatment and also in the controls the hands were washed briefly with ordinary bar soap and water. A Latin-square design was used for the experiment, five subjects receiving each treatment. In each of the five replicates of the experiment the subjects' hands were washed and sampled in the manner described elsewhere (Lowbury et al., 1963) for viable counts of skin flora on a Monday; on Tuesday and again on Wednesday the hands were treated six times with the selected preparation; on Thursday a second sampling for viable skin flora was made. Experiments were made in alternate weeks to allow a restoration of normal skin flora between tests on the same individuals.
Results.- Table V shows the mean viable counts of bacteria from hand-washings and the analysis of variance of log counts in the experiment. The repeated rinses with chlorhexidine were very significantly effective, but the creams containing chlorhexidine and hexachlorophane were not significantly more effective than the control cream or the untreated control. Continued Action of Antiseptics after Ablution A hexachlorophane detergent ablution has been shown to have little immediate effect, but when rubber gloves are worn for an hour after a single ablution with such an agent the skin flora is shown to be considerably reduced (Lowbury et al., 1963) . This effect has been attributed to the persistence of residues of the slow-acting antiseptic on the skin (Fahlberg, Swan, and Seastone, 1948) .
The following experiment was made to determine whether povidone-iodine, which has a similar cumulative skindisinfecting action to that of hexachlorophane (Lowbury et al., 1963) , owes this property to the continued action by residues of the antiseptic left on the skin after ablution.
Method.-The viable counts of bacteria on the hands of six subjects were assessed by the method described previously (Lowbury et al., 1963 ) (a) before treatment, (b) immediately after a standard two minutes' hand-wash with povidone-iodine and water, and (c) (in a separate experiment) after wearing rubber gloves for one hour after the ablution with povidoneiodine.
Result.-The mean percentage reduction in bacterial counts of skin samples immediately after the treatment with povidoneiodine was 74.3% ; after wearing gloves for one hour following treatment with povidone-iodine, the mean percentage reduction in bacterial counts compared with those obtained before treat- Result.-The rinsing fluid became turbid, but there was no reduction in its activity. No bacterial growth was obtained on subculture of the fluid to a large volume of medium containing neutralizers.
Removal of Bacterial Spores from the Skin of Operation Sites
Because of their resistance to most antiseptics, the spores of Clostridium tetani and other sporing pathogens are usually considered insusceptible to skin disinfection, and reliance is placed entirely on physical ablution with soap or detergent and water. Iodine is more active against spores than other antiseptics used for skin disinfection, but in the form of a tincture or an aqueous solution with potassium iodide it is too irritant to _ . . . . Skin Disinfection-Lowbury et al.
be left moist on the skin for more than a very short period; in the complexes of iodine with solubilizers, known as iodophors -for example, povidone-iodine-iodine retains its bactericidal and sporicidal activity, but does not stain the skin, and is claimed to be free from sensitizing or irritant properties (Gershenfeld, 1957 (Gershenfeld, , 1962 Joress, 1962 ; Davis, 1962) .
The following experiments were made to determine how much sporicidal action could be obtained by the application of povidone-iodine to the skin. Miles, Misra, and Irwin (1938) on the untreated suspensions, and on mixtures of 0.1 ml. of the bacterial suspension with 5 ml. of povidone-iodine antiseptic solution which had been allowed to stand, after mixing, for periods from 5 to 150 minutes.
Results.- Discussion The experiments described above are relevant both to surgeons' and nurses' hands and to the patient's operation site. In the comparison of alternative methods for disinfecting the operation site, for example, it was shown that alcoholic chlorhexidine, alcoholic laurolinium, and aqueous laurolinium were of approximately equal value, but a laurolinium spray was less effective. This confirmed the view that rubbing an antiseptic on to the skin enhances its value (cf. Price, 1957) . The same conclusion is suggested by the finding that chlorhexidine in alcohol applied on a swab (see Table I ; also Lowbury et al., 1960) caused a smaller reduction of the skin flora than rinsing the hands with a standard procedure of rubbing palm to palm, palm over dorsum, and with fingers interlaced (see Table IV ). The precise technique of rinsing also appears to affect the results, as shown in the greater reduction of skin flora by aqueous chlorhexidine solution when the hands were rinsed for 30 seconds in a standard manner described above than when they were rinsed for the same time but in a random manner (see Table VI ).
Practical periods of disinfection vary with clinical circumstances ; for example, periods of disinfection shorter than two minutes are usual before injection or venepuncture, and our study on the relation of disinfecting-time to removal of skin flora showed that treatment with alcoholic chlorhexidine or laurolinium for 30 seconds was slightly less effective than for two minutes. The difference between the effects of treatment in shorter or longer periods of application was smaller with aqueous chlorhexidine, which had almost as good an effect at 30 seconds as it had at two minutes. In an earlier experiment the effect of three successive two-minute rinses with 70% alcohol was studied (Lowbury et al., 1960) ; the second rinse caused an appreciable further reduction in hand flora, but the third treatment caused little or no reduction beyond that reached in the second rinse. It would seem from these studies that all the accessible organisms are removed in a fairly short period of disinfection. The cumulative effects of repeated disinfection at longer intervals with hexachlorophane soap or chlorhexidine rinses, or (still better) with a combination of these methods, suggests that some of the resident organisms which are inaccessible immediately after skin disinfection become accessible to antiseptics after a while, and before the flora has had a chance to proliferate to its previous level.
The cumulative action of povidone-iodine surgical scrub (Lowbury et al., 1963) and of rinsing with chlorhexidine (as described above) shows that this is not a peculiar property of hexachlorophane, and in the former examples it is not dependent on the attachment of antiseptic to the skin (with action continuing after the hands are rinsed and dried). The peculiar BRrIss MEDICAL JouRNAL feature of hexachlorophane is a slow disinfecting action; rinsing the hands in alcohol or in an alcoholic solution of chlorhexidine immediately after ablution-for example, to achieve the maximum disinfecting action described abovewould remove the hexachlorophane before it had a chance to exert any disinfecting action, and its regular use in this way would invalidate the use of hexachlorophane; but the same objection cannot be raised against repeated use of alcoholic solutions after the use of providone-iodine or chlorhexidine solution, since these agents achieve their full disinfecting action at the time of application.
Spores of Cl. tetani, Cl. welchii, and other pathogens are relatively insensitive to most antiseptics, and reliance is usually placed on repeated ablution with detergents to remove these transient organisms from operation sites. This is difficult to achieve in horny skin with much ingrained dirt. Of the antiseptics used for skin disinfection, iodine has a fairly good sporicidal effect in vitro, but its action is too slow to be of much use in the routine two minutes' pre-operative skin disinfection, and longer application of the tincture or of Lugol's solution is irritant and potentially toxic. The iodophors, however, can be applied for long periods, leaving no stain and apparently causing no irritation. Our tests showed that the application of an iodophor (povidone-iodine) to skin contaminated with a suspension of B. subtilis var. globigii spores led to the removal by disinfectant action of a large proportion of these organisms.
In these studies we have distinguished resident from transient organisms as those which are more difficult to remove by ablution or disinfection. Staph. aureus sometimes answers to this description. Hare and Ridley (1958) have shown that Staph. aureus can multiply on the skin of the perineal area, but it is uncertain to what extent this can occur on the hands.
Colonization of the skin by Staph. aureus is surprising in the light of experiments which showed that these organisms are killed by unsaturated fatty acids of the skin (Ricketts, Squire, and Topley, 1951) . It is possible that individuals vary in respect of the amount of unsaturated fatty acid produced by the skin, or in the presence of factors that inactivate this selfdisinfecting mehanism; these variations may be associated with differences in the ability of the skin to become colonized by Staph. aureus.
Choice of Methods
From the studies reported here and in our previous papers it is possible to draw some tentative conclusions about the types of skin disinfection appropriate for different purposes.
1. Operation Sites.-When it is necessary to obtain maximum skin disinfection in a single application, as before an emergency operation, chlorhexidine (0.5%), iodine (1%), or laurolinium (5 %) in 70 % ethyl alcohol applied for two minutes have about the same activity; laurolinium has rather a high toxic action on skin cells in tissue culture (J. C. Lawrence, personal communication, 1963) and iodine is known to cause sensitization in some individuals, so alcoholic chlorhexidine is probably a good choice. For shorter periods of disinfection-for example, 30 seconds-aqueous chlorhexidine diacetate (0.5 %) seems at least as good as the alcoholic solution. Antiseptics should be rubbed in with gauze, not sprayed on.
In Manson, Logan, and Loy (1960) . The total number of pregnancies complicated by rubella available for analysis was 578. The controls numbered 5,717. Follow-up of the infants showed that when rubella occurred during the first 16 weeks of pregnancy the incidence of congenital abnormalities in the children was significantly raised. When the infection occurred after the 16th week the incidence of abnormalities in the children of the rubella mothers was no higher than in the controls.
The number of pregnancies complicated by rubella in the first 16 weeks was 279. Of these, 11 ended in abortion and 11 in stillbirth, and 16 cfildren died before 2 years of age, leaving 241 in the original group. A number of medical officers of health continued to send in records of children born in 1953 whose mothers had been notified for rubella before the end of 1952. Since these cases fulfilled the criteria laid down by Logan (1951) , a further 18 infants whose mothers had rubella in the first 16 weeks of pregnancy were added to the original group. This gave a final total of 259 children available for assessment at 2 years, by which age it had been anticipated that all major abnormalities would have been diagnosed. This examination is designated No. 1 in Table I .
In order to check the possibility of hitherto unidentified defects, however, full paediatric and otological examination of 57 "early rubella" children and 57 controls living in the London and Middlesex areas was undertaken in by Jackson and Fisch (1958), the children concerned being then between the ages of 3 and 6 years. The results of their inquiry indicated that the proportion of children suffering from significant hearing loss had been underestimated at the original examination. It was therefore considered advisable to extend the inquiry to " early rubella " children living in the rest of the country. Reports for 237 children were received and the results were included in the report of Manson et al. (1960) . This examination Is designated No. 2 in Table I. Finally, in order to discover how they developed in later childhood a third inquiry was carried out in 1962, when the children were between the ages of 8 and 11 years. The present paper reports the results of this examination, which is designated No. 3 in Table I A total of 227 completed reports were received. Of the remaining 32, one child had emigrated, the parents of five children refused to participate, and 26 were untraced.
Owing to the wide geographical distribution of cases and the large number of medical examiners concerned, it was inevitable that the reports received were not equally informative, but the general standard of recording was high. Assessment of an abnormality as major or minor on the evidence available sometimes required much thought, and final classification is necessarily the result of my personal judgment. For this reason, and because there were no controls, it proved difficult to, submit the very varied information collected to any sophisticated statistical analysis. It has therefore been decided to present it in tabulated form.
The final outcome of this prospective study has confirmed the findings of previous, mainly retrospective, inquiries regarding the special vulnerability to rubella infection of the eyes, ears, and heart of the developing foetus during the first 16 weeks of pregnancy. It does not, however, bear out the very pessimistic evaluations of attendant risks which have sometimes been offered on the basis of retrospective studies. Major abnormalities were present in 33 (15%) children, 20 of whom hadmore than one abnormality. Minor abnormalities were noted in 37 (16%) children, of whom 9 had another abnormality.
In both groups, particularly the latter, it is probable that some of the children included were suffering from conditions unrelated to the rubella infection, although in compiling the tables. only those children whose abnormalities were considered from the information available to be certainly or possibly due to rubella have been included. Hence 11 children showing single abnormalities which were either known or thought unlikely to be connected with the maternal rubella infection have been omitted from the tables-that is, two cases of myopia devel-
